景観管理シナリオを用いた樹木種の地域絶滅確率予測 by 石田 敏
Projection of local extinction probabilities
of tree species in relation to landscape
management scenarios
著者 石田 敏
号 12
学位授与機関 Tohoku University
学位授与番号 生博第291号
URL http://hdl.handle.net/10097/59558
  
 
氏名（本籍地） 
学 位 の 種 類 
学 位 記 番 号 
学位授与年月日 
学位授与の要件 
研 究 科 ， 専 攻 
 
論 文 題 目 
 
 
博士論文審査委員 
  
いしだ さとし 
石田 敏
博士（生命科学） 
生博第２９１号 
平成２７年２月９日 
学位規則第４条第１項該当 
東北大学大学院生命科学研究科 
（博士課程）生態システム生命科学専攻 
Projection of local extinction probabilities of tree 
species in relation to landscape management scenarios. 
(景観管理シナリオを用いた樹木種の地域絶滅確率予測 ) 
（主査） 教 授 中静 透 
     教 授 牧 雅之 
     教 授 彦坂 幸毅 
 
 
論文内容の要旨 
The loss of biodiversity is of increasing concern around the world. In particular, 
human disturbance and land-use are the most influenced factor of forest biodiversity 
degradation. The excessive land-use and management result in disappearance of specific 
tree species and monoculture which decreased the ecosystem function. Therefore, the 
dynamics and extinction of tree species can be indicator whether we adequately managed 
forest. However, we do not have enough information on the probability of extinction of 
tree species, partly because of their long life spans, even though some are seriously 
endangered. Even in the smaller scale, projection is difficult to require enormous data 
about tree species dynamics. However, difficulty in projection can inhibit decision 
maker from considering tree species conservation and forest management. To clarify tree 
species dynamics succinctly, we have to construct new models to project. 
In Japan, forest had been used by logging to fuelwood and lumber, conifer plantation 
and pasture, but recently left and abandoned. For a long time, the land-uses circularly 
change to each other at constant interval. The species composition at present is 
affected by the past land-use and also in the future. So, species dynamics can be 
projected by continuous calculating from land-use and species change in one interval. 
Hereafter, I obtained tree stand data in the simple investigation and constructed a 
model based on Markov-chain Monte Carlo matrices. Then, I attempted to project the 
dynamics of tree species in landscape. And, I calculated local extinction probabilities 
with simulation based on the forest variance. Baced on these results, I discussed 
relationship between tree species and land-use. 
In Chapter 2, I established matrix model combined two matrices, land-use change matrix 
and canopy replacement matrix. Based on Markov-chain Monte Carlo matrices, land-use 
change matrix calculating land-use area in next generation and canopy replacement 
matrix calculating the abundance in each land-use changed by logging or reserving 
forest. I projected the abundances for all tree species in landscape by combining 
matrices. Moreover, I set the abundance variability as simulation and counted the 
number of becoming local extinct for each species and calculated its probabilities. At 
present, Q. serrate was the most dominant species, but C. crenata was projected to be 
dominant after 100 generations. In Satoyama management which contributed to increase 
secondary forest area, abundance of dominant tree species increased as much as 
secondary forest increasing. While, local extinction probabilities of L-shaped dbh 
distribution species and groups decreased in NP management scenario.  
In Chapter 3, I investigated to search infrequent tree species and reconstructed new 
matrix model by the data. Infrequent tree species are crucially important to plan the 
conservation, so . Acquiring data of the infrequent species enable us to project their 
dynamics in detail. And, to conserve infrequent species, I established “natural 
succession” scenario that regeneration forest were set by leaving mature secondary 
forest and increased the area every generation. The improvement of matrix model led to 
decrease local extinction probabilities of most species and scenarios. Natural 
succession scenario decreased local extinction probabilities more than natural forest 
protection, which suggested that regeneration forest had different tree species 
composition from old-growth forest. 
In Chapter 4, I analyzed the relationship between the result projected in matrix model 
and species traits. I selected species traits, maximum dbh, wood density, leaf mass per 
area and seed mass, as explanatory variable which reflected functional traits and 
strategies. I analyzed the abundance in all scenarios, the presence of becoming local 
extinct at all run and avoiding local extinction by natural forest protection in 
generalized linear model. Additionally, the probabilities themselves besides high 
extinction tree species were analyzed in MCMCglmm. I discussed what traits correlated 
with the projection and what management scenario was adequate to each tree species. 
Focused on abundances, almost all species traits were related, particularly in maximum 
dbh which positively correlated with abundance. Interaction maximum dbh and seed mass 
positively correlated, which indicated that canopy tree species of heavy seed were more 
dominant. Among management scenario, wood density and seed mass were not significant in 
Satoyama management. Focused on local extinction probabilities, the difference between 
high and low extinction species was not related with species traits. However, 
decreasing the probabilities in natural forest protection scenario were negatively 
correlated with maximum dbh and positively correlated with seed mass. 
In this study, I could easily project tree species dynamics by matrix model and 
analyzed relationship between the projection, species trait and forest management 
scenario. But, it is still problem whether the projection is suitable and adequate to 
other region, so the more investigation and analysis will be needed. 
 
 
 
 
 
 
論文審査結果の要旨 
 
申請者 石田 敏 は、景観レベルで樹木の地域絶滅確率を推定するモデルを開発し、絶滅確率
を推定するとともに、樹木の機能形質との関連性を明らかにすることを目的として、研究を行っ
た。 
 まず、それぞれの土地利用（森林）タイプで更新や森林施業を繰り返す中で生ずる種組成の変
化（樹木の林冠交代確率行列、現地調査で求める）と、それぞれの土地利用の変化に関する情報
（土地利用変化行列、文献や資料から求める）を組み合わせて、景観レベルの樹木組成を外挿す
るモデルを基本とし、樹木の推移確率の推定誤差や多項分布確立をモデルに組み込み、10,000 回
の思考繰り返すことにより地域絶滅確率を求めた。 
 さらに、このモデルをいくつかのシナリオにあてはめて絶滅確率の違いを求め、樹木の絶滅を
防ぐために有効な森林管理を考察した。現状維持では、現行の土地（森林）利用変化が維持され
る。原生林保護シナリオでは現存する原生林を保護地域として他への転用をしない。里山管理シ
ナリオでは、人工林の一定部分を広葉樹二次林に転換し、二次林は定期的に伐採される。自然遷
移シナリオでは、原生林保護、里山管理シナリオに加えて二次林の一部を放置して原生林に近い
状態に自然遷移させる。こうしたシナリオ分析の結果、里山管理シナリオでは、現状維持に比べ
て地域全体の種の優占度は大きく変化するものの、地域絶滅確率は低下しない。原生林保護を組
み込んだシナリオでのみ樹木の地域絶滅確率は低下した。これまで草本植物の保全において里山
管理の有効性が報告されてきたが、樹木では保護地域が重要であることが明確となった。 
 さらに、こうした絶滅確率と樹木の機能形質との関係を解析した結果、里山管理シナリオで優
占度を増加させる種は、種子サイズ、最大サイズが小さく、より撹乱に依存する種であること、
原生林保護シナリオで絶滅を免れる樹種は最大サイズの小さい亜高木的な樹種であり、原生林で
の階層構造の発達が関係している可能性があることが明らかになった。 
 樹木の地域絶滅隔離を推定するモデルは国際的にもユニークなものであり、シナリオ分析の結
果は森林管理や土地利用による樹木の保全の効果を評価するうえで有効である。以上のことは、
自立して研究活動を行うに必要な高度の研究能力と学識を有することを示している。したがって，
石田 敏 提出の論文は，博士（生命科学）の博士論文として合格と認める。 
